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THE  USE  QP  CIS  AND  REMOTE  SENSING  IN  GROUNDWATER 
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ABSTRACT 

The  Desett  Resesich  lostioue  (DRI)  is  deveiofwg  strategies  that  integnte  various  data  types 
to  r-h«T»ffw»iize  groundwater  leaonroes  for  the  kleniificatioo  cf  candidate  well  locations  in  central 
CHiana,  West  Africa.  Study  areas  were  selected  over  which  remote  sensing  data  of  various  scales 
were  assembled  along  with  all  available  liydrogeologic  infbnnatioo.  Witter  samples  for  chemical 
analysia  were  collected  and  numerous  field  observations  were  recorded  during  tte  survey  of  200 
wet  and  dry  boreholes  using  Global  Positioning  System  (GPS)  receivers.  All  data  collected  were 
processed  and  integrated  into  a  Geoarsnliic  Information  System  (GIS).  Relationships  between  fea> 
tures  identified  in  remote  aensii^data.  borehole  records  and  oBlerhydrogiBologicchaiacreristics  are 
being  to  fWTimig*  watBT  developmem  efficiencies.  The  GIS  modeling  results  are  being 

tested  with  an  ongoing  drilling  progect.  Preliminary  results  indicate  a  hi^  conelation  between  dril- 
ling  success  and  proximity  to  Inixtaat-derived  linrements. 

1.0  INTRODUCTION 

Lack  of  adequate  potable  and  agricultural  water  supplies  inhibits  the  progreaa  of  developing  countries  and 
is  the  cause  of  considmbie  hardship  to  hnmana  worldwide.  A  thorough  hydrog^ogic  understanding  is  afien  neoes* 
sary  for  cost>e£foctive  water  development  In  many  developing  countries,  remote  sensing  data  often  comprise  the  most 
accurate  and  comprehensive  jqwtial  informatian  available.  Esublishing  relationships  between  remote  sensing  data 
and  hydrogeologic  phenomena  may  nMvimixe  the  efficiency  of  water  developmem  projects.  The  Desen  Research 
Institute  (DRI)  is  attempting  to  tdentify  those  strategies  that  effoctively  characterise  groandwater  tesoorces  in  the 
country  of  Ghana  uaing  a  Geographic  Infonnation  System  (GIS).  For  selected  target  areas,  the  strategies  developed 
by  DRI  will  recommend  a  combinstion  of  anslyticsl  methods,  data  types  and  data  features  which  can  be  eccoomicslly 
utilized  to  select  well  sitae  with  the  highest  pr^bility  of  success.  While  an  empliasia  will  be  placed  on  detemuning 
whether  featntea  mapped  namg  remote  aenaing  can  be  coaelated  with  hydrogeologic  phenamena,  all  methods  and  data 
types  available  will  be  tamed  in  conjunction  widi  the  ongoing  WMd  yiaon  International  (WVI)  Ghana  Rural  Wtter 
Pnaject  (QRWP).  This  paper  doconwaita  steps  undertaken  in  conairucring  a  GIS  model  for  increased  hydrogeologic 
understanding  <rf  study  areas  within  (Hiana.  and  presents  preliminaiy  results  of  the  relationship  observed  between  Im- 
eamenta  derived  lemote  sensing  snd  dm  location  of  wet  ami  dry  botelKties. 

2.0  BACKGROUND 

The  Vfest  Afiican  oouniiy  of  CHiaoa  expetieaoea  a  lack  of  safe  and  adequate  water  for  its  inhabirsnts;  25  to 
SOperoemof  the  popolationdonotluve  access  to  safe  water  supplies  (Lean  et  iL,  1990).  Potable  water  sbortagea  exist 
due  to  watetbome  dueaaeo'tnd  are  exacerbated  u  aonrees  desiccate  during  tfae  dry  season.  A  major  objective  of  the 
Ghanaian  govemmem  and  non-govemmem  otganizatioas  (NGOa)  is  to  improve  the  availability  of  safe  and  rdisUe 
water  resouroea  by  drilling  weUa  and  inafiling  hand  pumps.  However,  throoghoutmuch  of  CHiana,  including  tfae  stndy 
areas  for  this  project,  wet  well  success  rates  are  below  60  percent.  Wtt  wells  for  these  hand  punqi  installation  prognuna 
are  defined  aa  having  yields  equal  to  or  greater  than  10  liten  per  miraite.  The  major  factor  limiting  success  rates  is 
the  low  ptimaiy  permeability  of  ctystalline  and  conaoUdated  sedimeotaiy  rocks.  Secondary  firacuiring  in  dieae  rocks, 
however,  may  act  to  oomral  the  occuirenoe.  movemem  and  storage  of  groondwater.  If  fractures  can  be  mapped  and 
correlated  with  productive  groundwater  zones,  well  site  selection  may  be  improved. 


Fncture  traces  and  amenta  have  tradidonaUy  been  mapped  through  remote  sensing  methods  and  have 
been  differentiated  baaed  on  Lattman(  1958)  defined  fncture  tnoes  as  natunl  linear  features  expressed  contin¬ 
uously  for  less  than  one  mi  ule  iw^nMana  are  greater  than  one  mile  in  length.  While  fiacture  tnces  and  linea¬ 
ments  have  been  shown  to  be  barriers  to  groundwater  flow  (Taylor  et  al.,  1992),  most  studies  have  conelated  rtiwn 
with  zones  of  increased  finacluie  concentratioii.  which  can  act  as  conduits  for  the  tmuspott  and  storage  of  groundwater 
(Lattman  and  Parizek,  1964;  Parizek,  1976;  Parizek  et  ai.  1990).  Previous  studies  by  Boeckh  (1992).  Onstaftaon 
( 1993a)  and  Peter  et  al..  ( 1988),  have  shown  the  utility  of  moltiacale  remote  sensing  strategies  for  increased  hydrogen* 
logic  understanding  in  a  variety  of  terrains  and  geological  settings. 

The  integration  of  remote  sensing  data  and  QIS  technology  may  provide  a  greater  hydrogeologic  undentand- 
ing  by  combining  physiographic,  geologic,  hydrogedogic  and  geochemical  dau  in  a  spatially  referenced  modeL  CHS 
use  in  water  resource  evaluation  has  recently  expanded  with  increasing  emphasis  in  surface  and  subsurface  applica¬ 
tions  (Maidment,  1991;  Moore  etal.,  1991).  Ptirtheimore.  the  comhinaticn  of  remote  sensing  and  GIS  has  shown  prom- 
ise  for  groundwater  development  in  other  regions  ^  Afiica  (Ouatafinon,  1993a). 

-  S'  iYAREA 

A  smdy  area  was  developed  to  encompass  tv  dkdnct  geologic  terrains  within  central  Ghana  (Figure  1).  The 
Tease  area  lies  entirely  within  the  aoutfaem  part  of  the  Voltajm  Sedimentary  Basin,  while  the  Nltawkaw  area  to  the 
southwest  straddlea  the  contact  between  the  Vohaian  and  the  F.  .>:amfarian  basement  rocks.  These  areas  were- selectBd 
due  to  the  preseaoeof  an  active  drilling  program  with  a  large  percentage  of  unsuccessful  wells.  Tease  is  located  wittin 
Che  Afiam  Plains,  a  generally  flat,  low-lying  regian  of  the  Vdtaia.i  Baain  adjacem  to  Lake  Vdta,  an  8500  km^  lake 
fotmedby  the  damming  of  tile  Volta  River  in  1966. 

The  Vbltaian  Basin  is  a  synclinal  stnictuie  composed  of  relatively  flat-lying  Paleozoic  sandstones,  shales, 
and  conglanieraiBS  tint  form  outwird-fsciiigescaipmentssroond  tile  periitiiety  of  tile  basir.(Kesse.  1985).  Thin  seo- 
tions  of  qusitt  arenite  srodatones  tsken  near  Tease  anti  Rradtka  in  the  AfixmPlauia  indieaie  mat  dean  nnoBaaealBd 
sand  has  been  compacted.  Grain  contacts  are  prodommantiyooncave-oonveatindicaling  a  hiigh  degree  of  cranparahai 
by  defamatioo  of  dnctile  grains.  Consolidation  and  cementation  have  reduced  tiie  rock  volume,  destroying  much  of 
the  primary  porosity  and  permeability.  The  stable  mineral  oompositiao  of  the  rocks  permits  little  devdopment  of  seo- 
ood^pemiesbility  that  might  result  from  chemical  weathering  of  inietgraiailar  cementing  material.  The  generally 
impervious  nature  of  near-sutftoe  unweatbeted  rocks  minimi  aes  direct  infilmtian.  recharge  and  weatiKrin^  wfaicta 

am  fnoiMd  alnng  jnima  and  fracmte  aytfana,  fltniindwaler  flow  in  tha  hairiii  ha*  twn  primary  nnmponenta;  a  Hnminant 

vertical  flow  recharging  fissures  at  dqith  snd  a  more  sitixlned  subbotizoatal  flow  pa^el  witii  stream  gradients.  The 
river  systems,  therefore,  generally  follow  fractiires  where  weathering  and  etoaion  have  been  enhanced  and  potential 
groundwater  recharge  is  highest  (Batmennan,  1988). 

The  aouihweaepofliaa  of  die  Nkawksw  ares  ooararaa  of  metamorphic  and  granitic  ndra  of  tile  BnimiaBSye- 
tern  at  the  eaaaetn  edge  of  die  Aecambrian  Vfeat  Afiican  aiiiekL  The  Birimian  rocks  have  been  folded.  meauHipiHmd 
andinpiacesaa8imilatedbygtanitoidbodies.Fdtdingi8iiiieiue  with  dips  oommonly  on  the  order  of  30°  to  90*  along 
a  northeast-southwest  axis.  Faulting  and  jointing  is  moat  commonly  parallel  and  perpendicular  to  the  strike  of  the  folds 
(Kesse;  1985).  As  with  the  Valtaiaii.  drilling  data  intheBitimiao  indicates  diacootinuous  aquifers  with  primary  storage 
located  along  ftictnre  zones,  lithologic  contacts  and  horizons  of  weathered  rock  maaaea  (Asomaning,  1993).Alidio- 
fddapatfaie  arenitB  flam  the  Valtaian  poitiaa  of  the  Nkawlnw  area  ocmains  plagiodase,  potaasrnm  feldspar;  and  mete- 
mocphic  and  aedimentaty  rock  frignsBnls  that  ate  normally  onatable  during  the  weathering  processes,  however;  these 
ftagtneataareunwwditaedmtiieaampte,indicatiiigalackofdiagBneaia(Qiii,  1994). 

The  ninfifll  pattern  on  the  Afiam  Plains  ooosiats  of  a  wet  season,  extending  from  Matdi  to  October,  foUowed 
by  a  four-niaadi  dry  seaaon.  The  anrmal  avenge  rainftll  is  qiproximately  140  centimeters.  The  natural  v^etalian 
of  the  Afiam  Plaina  oonsiatt  of  Guinea  savanna.  The  major  cover  found  in  the  Guinea  savanna  zone  conaiatB  of  a  firo- 
cooftolfcd  tree  aavaima  community  ofbroad-leafeddecktaona  trees  denaeiydiairiboied  inacootinnous  cover  of  peran- 
oial  bunch  gnaaea  and forba  (USAID,  1962).  The  Nkawkaw  area  ootmally  receives  more  rainfall  than  the  AfiamPlains 
region,  avengiiig  160  cm  annually.  The  namral  vegetation  of  the  Nkaudctw  area  consists  of  duck  dedduous  fiaeats 
within  a  semi-decidnoos  climatic  region  (Duah  et  ai..  1993). 
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A^MBraODS 

Imeqmadaa  •niqiM  «»  being  developed  tiiit  iiiiepite  gnuod-bued  aad  fOBOiely  aeoaed  data  in  ■  OIS 
modd.  Gtitieal  atepe  in  itaia  devdopoMat  effort  tnehide:  1)  the  acqniaidon  of  all  pertinent  data;  2)  data  pmceaaing; 
and  3)  databaae  devetopment  In  evainating  tbe  atndy  area,  potential  aomoes  and  typea  of  data  neceaaary  to  form  the 
CHS  databaae  were  identified.  Data  were  evaluated  with  teepect  to  tbeir  potential  ueefnlneaa,  cost,  and  availability 
within  project  tjnteoonetiainta.  Date  grpea  deemed  neoeaeatyinclnded;  geologic,  hydrogeologic,  topographic;  vegeta- 
tion,  and  soil  maps;  aerial  photograptay  and  aatellitB  imagety;  geopliyaical  logs  and  surveys;  bordiole  locationa  and 
related  hydrologic  hffamiation  andi  as  well  yield,  water  level,  water  quality,  aquifer  teat  dm  (bydranUe  oondnctivity, 
transnriaaivity,  porosity,  etc.);  and  reports  addressn^  local  and  regional  hydrogmogic  inveadgaliaos. 
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4.1  DATA  ACQUISITION 


Data  coUecdoD  efforts  were  generally  divided  among  three  types  of  infonnadoo:  i )  reports,  maps  and  related 
data  readily  available  from  the  United  States  and  abroad;  2)  data  that  would  require  coUecdon  within  Ghana;  and  3) 
remote  senaing  data.  General  background  infonnadoo  through  water  explocadon  program  reporu  specific  to  our  study 
area  were  coUected  through  standard  literature  search  methods  and  various  mapping  agmicies.  Similar  searches  were 
conducted  for  reaooroes  which  discussed  the  use  of  aerial  photography  and  othm  remote  sensing  methods  for  invead* 
gating  geologic  and  hydrologic  phenomeiu  with  an  emphaitia  on  fracture  trace  and  lineament  analysis.  Many  of  the 
resources  collected  referenced  other  work  and  reports  only  available  within  CHiana. 

4.1.1  Data  CoUected  in  Ghana 

A  trip  was  made  early  in  the  project  to  gather  infonnadon  identified  through  literature  searches  and  other 
sources,  to  identify  new  infonnadon  sources  perdnem  to  the  {uroject,  and  tt>  arrange  for  future  dau  transfer  widt  WVI 
and  other  agencies.  Copies  of  topognphic  and  geologic  maps  were  obtained  along  with  reports  and  any  available  well 
logs.  The  release  of  data  inside  and  outside  Ghana  often  required  appropriate  agency  permission. 

A  second  field  trip  was  necessary  to  accurately  survey  a  significant  number  of  boreholes  for  the  GIS  to  deter¬ 
mine  and  test  reladonships  between  iden^ed  features  and  bo^ole  characterisdcs.  Three  factors  created  large  uncer¬ 
tainties  in  borehole  locadoos:  1)  boteholelocadon  on  drill  logs  were  identified  only  with  lespea  to  the  commumda 
to  be  served;  2)  some  boreholes  were  located  as  £u  as  2  km  from  their  associated  village;  and  3)  many  oommonilies 
postdated  the  topographic  maps.  These  factors,  combined  with  cost  constraints  and  accuracy  lequiremems.  •Urtmmif 
the  use  of  sub-20  m  Qobal  Positioning  System  (OPS)  receivers  to  accurately  survey  borehole  positions,  i 
consideration  suggested  using  two  teams,  e^  with  a  OPS  receiver  in  stand-alone  mo^  to  survey  the  maviimiiii  cum¬ 
ber  of  well  sites  possiUe.  To  circumvent  the  single-mode.  l(X)-m  limitation  imposed  by  selective  availability  (SA), 
arrangements  were  made  through  the  U.S.  Army  Corps  of  Enginems  to  use  two  Magnavox  MX  7100  receivers  wift 
the  PPS  code  enaUing  10  to  20  m  accuracies. 

While  borehole  locations  were  the  primary  objective  of  the  second  in-coiiniry  visit,  numerous  other  data  ob¬ 
servations  were  recorded  during  the  well  site  surveys.  These  data  included  elevation,  water  level,  soil  type,  surfidal 
gettiogy,  topographic  setting,  hydrologic  indicators  and  classification  of  suirounding  vegeution  and  land  use  at  SO  and 
5(X)  m.  SkMch  maps,  operating  status  and  water  samples  for  gross  chemistry  and  isotopic  analysis  were  collected  along 
with  temperature,  EC  and  pH.  Whenever  possible,  site  selection  criteria  were  obtained  from  the  Ghanaian  hydrogeolo- 
gist  responsible  for  siting  wells.  Well  positions  were  also  plotted  on  Landsat  imagery  and  aerial  photographs  using 
scale  positioning  software  available  on  Trimble’s  Scout  OPS  receiver.  Because  borehole  elevations  and  water  level 
data  were  oeoessaty  for  constructing  accurate  poteotiometric  maps,  additional  steps  were  taken  to  improve  elevation 
measurements.  As  CffS-detetmined  altitudes  are  generally  limited  to  15  times  the  horizontal  accuracy  (IS  to  30  m), 
elevations  were  detennhied  by  plotting  their  horizontal  positions  on  SO-ft  contour  maps.  Improving  this  fimbei;  lehn 
tive  well  altitudes  were  recorded  with  barometric  altimeters  in  the  field  using  Hunt  and  base  station  barometric  conec- 
tions. 


4, 1 .2  Imigc  Pitt  Acqiiwitiop 

Initial  data  searches  revealed  a  limited  availability  of  usaUe  Landsat  Thematic  Mapper  (TM)  and  SPOT  data 
due  to  cloud  cover  during  the  extended  wet  season  and  attennation  by  douds.  haze.  dust,  and  smoke  during  the  dtj 
season.  (Quality  conoena  and  time  consttaints  dictated  that  two  TM  scenes  be  acquired  during  the  dry  season,  only 
after  viewing  the  actual  data  sets.  Due  to  a  lack  of  availdde  archived  SPCTT  panchromatic  data,  a  Special  Acquisition 
Request  (SAR)  was  made  in  January  1S193  for  the  collection  of  11  panchromatic  SPOT  scenes.  Of  16  SPOT  scenes 
acquired  since  the  request,  none  have  been  acceptable  for  analysis  over  the  smdy  areas  due  to  atmospheric  conditions 
and  sensor  adjustments.  Given  the  difficult  atoMspheric  conditions  and  vegetation  cover,  attempts  were  made  to  ac¬ 
quire  ERS- 1 .  Seasat  and  Shuttle  hnagiag  Radar  data,  but  were  unsuccessful.  Digitally  scaimed  data  sets  of  declassified 
Russian  MK-4  photography  at  7.5  m  resolution  were  identified  in  an  archive  in  Moscow,  but  closer  examination  found 
the  data  to  be  corrupt  Data  from  tlw  KVA-1000  camera  system  for  the  Afiam  Plains  were  not  available  and  could 
not  be  acquired  within  prqjea  time  constraints.  1972-73  Mack  and  white  infrared  stereo  photography  of  the  smdy  sites 
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tt  1:40,(X)0  acd0  WM  oolkcted  only  after  obtttauig  pomianaa  from  the  <%«iia  Survey  Oeptnment.  In  additiaB  u>  cbe 
1:40,000  fiamea,  1:10.000  enlanementa  of  aeleciedaieaa  were  also  acquired. 

4.2  DATA  PROCESSINO  AND  INTERPRETAnON 


4.2.1  OPS  Etela  Pmctawine 

Tbe  eaae  and  foocdoDaiily  of  OPS  have  allowed  the  opportunity  to  mix  data  fiom  dififereu  coordinate  systems 
and  datums  within  a  OIS.  While  ooordinatea  are  the  thread  diat  tie  all  data  together,  many  GISs  have  limited  coordinate 
system  and  datum  tnnsformatioii  raotines.  Thus,  it  is  critical  that  coordinates  be  transferred  to  the  «««««».  coordinate 
system  and  damm  before  insetdan  into  any  OIS.  (^-determined  coordinatBS  taken  wife  respea  to  the  WOS84  datum 
were  convened  into  the  “Accra  datum"  naing  the  “Geographic  Calcolator**  to  minimize  database  inaocurecies.  Coordi- 
nates  were  oanafarmed  using  fee  Molodenaky  Method  which  shifted  posirions  by  up  to  350  m.  Bearing  and  distance 
measurements  were  used  to  detennine  (H*S  rdEret  locatioos  wife  the  Nadorud  Oeod^  Survey  (NGS)  INVFWD  pro- 
gram. 


4.2.2  Imigc  Prnaawng-lAiklMi  TM  Dm 

Level  0  Landsat  TM  data  were  predsion-CQtrected  using  a  cubic  convdudon  resampling  method  and 
1:50,000  scale  topogn|feic  maps.  The  Root  Mean  Square  (RMS)  error  of  fee  georecdficadon  process  was  one  pixel 
or  30  m.Tivoad{^nem  Landsat  scenes  (Path/Raw  193A155  and  194/DS5)  were  digitally  mosaicked  using  ER  Mapper 
image  prncresing  software.  Vuions  color  compoaitea  were  generated  to  detecminB  tte  best  band  coobinadooa  fer 
aiulysis  of  lineaments,  fiactnie  traces  and  vegetadon  anomalies.  TIk  l.«nrf«t  data  contained  bad  scan  lines  which, 
wife  fee  added  attennadon  contributed  by  amoke  and  dust  in  the  atmosphere,  prevented  the  effecdve  use  of  TM  bards 
1  and  2  in  the  oonstrncdon  of  compoaitea.  Therefore,  baixl  enmhinat«nn«  453  and  743  in  RGB  were  used  to  interpret 
the  imagery.  Each  ookr  composite  urns  edge-enhanoed  ming  a  3x3  edge  sharpening  filter,  hi  addidon  to  generating 
edge-enhanced  color  comprwitea.  ditecdonally  filtered  imagea  were  conanncted  using  TM  band  4  in  a  mnld-aiep  pro- 
oedure  similar  to  that  deaotibed  by  Moore  and  WSdtt  (1983).  The  resultant  diiecrionally  enhanced  componem  images 
rquesented  four  aximnth  bearings:  East-Wsst;  North-South;  Northwest-Southeast;  Northeast-Southwest  Principal 
Compooem  (PQ  trsnsfotmadoos  were  performed  on  bands  543. 743  and  745  to  produce  three-band  PC  composites 
in  ROB.  In  addition,  PCI  fttxn  bands  743  and  543  were  used  as  greyscale  images. 

4.1_3  Tmaytt  jnrf—t  TWt* 

The  general  interpretation  approach  has  been  to  digitize  linear  features  on  screen  using  the  armotadon  tool 
in  ER  Mapper,  huetpotedoo  and  exttapoladon  of  featnres  have  been  avoided  to  produce  a  mote  “objecdve”  lineament 
nuq),  for  aubaequent  tectonic  iruetpretadort  lineament  interpretation  can  be  carried  out  in  difierem  ways  depmriing 
upon  fee  imagsQrpea  available,  ground  tntthingreiptired,  and  aim  of  the  intetpreradorL  If  the  aim  of  fee  interpretation 
is  to  rquodnoe  fee  general  fiactnre  trends  of  fee  area,  fee  positional  aocuracy  of  the  is  not  as  importsnt 

u  the  orieatadon  and  correct  fiequeney  in  each  interval.  IL  on  the  other  hand,  the  position  of  the  inferred  fiactnre  zotK 
is  to  be  used  in  comparisorw  wife  other  yatial  data  sudi  as  boreholes,  fee  poaitio^  accuracy  is  mote  important  Shu- 
man  (1991),  determined  that  lineament  fieqnency  decreases  as  lineatnem  size  increases,  while  a  plot  of  average  linea- 
ment  length  against  imagery  scale  shows  a  positive  polynomial  relationship.  The  lii^ier  spec^  resolution  of  TM 
verses  SPOT  data  is  mote  important  fer  linentwim  analyais  in  areas  of  dense  vegetation.  Therefore,  both  spatial  and 
spectral  image  resohttion  has  a  great  impaa  on  image  interpretation  results. 

In  this  study,  a  systematic  tntqipirig  effort  was  eotxiDcted  to  perform  the  lineatnem  snd  fiacture  trace  snaljrsis 
baaed  on  techniques  adapted  fiem  Wheeler  and  Wae  (1983).  This  effort  had  several  objectives:  DconsisiBatlyidet^ 
lineament  and  fiactnre  trace  features;  2)  classify  die  based  on  a  rating  system  related  to  vector  length, 

orientation,  and  fiMUnre  prominence;  and  3)  eliminate  noo-stroctural  and  “false"  lineaments.  The  interpretations  were 
petfixined  tvife  no  prior  knowledge  wet  or  dry  well  locations. 

The  Tease  area  Landsat  scene  was  aubaectiooed  into  overlapping  1:1<X1,000  scale  irruges  on  the  workstation 
screen.  The  study  areas  were  coveted  using  50  petcetu  overlapping  windows  to  avoid  overlooking  features  at  window 
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edgea  (Onsta&aoo,  1993b  and  1994).  The  atrategy  employed  evaluated  three  seta  of  image  data:  color  oompoaites, 
directionally  filtered  images,  and  principal  compooent  oompoaites.  Three  operatora  indepeodently  ma(^)ed  aU  lines* 
menis.  Individual  inteipretatiaa  results  were  digitally  combined  using  diEfeient  colored  vectors  to  evaluate  mapping 
results,  compare  class  types,  and  eiiminste  “fidae”  lineaments.  The  Nkawkaw  area  intennetation  was  canied  out  at 
a  larger  scale  than  in  the  Tease  area,  due  to  the  hi^  density  of  lineaments  adjaoem  to  the  Voltaian  escarpment.  The 
interpretatiaa  scale  on  acteen  was  appraxunately  1:45,000,  enabling  more  aocurate  posidooing  ci  linear  features. 

4  Ji.4  Photo  lotBPfMttqa 

The  aerial  photography  was  interpreted  atereoscopically  on  1:40,000  scale  prints  with  2x  and  IQx  magnifica- 
tioo  to  enable  better  positioning  of  small  or  narrow  linear  features.  The  aerial  photos  were  analyzed  by  several  inter¬ 
preters,  focusing  on  photo  linears  within  a  2-km  radius  of  existing  wells  and  villages.  This  constraim  was  implemented 
because  2  km  was  the  maximum  distance  a  well  would  be  placed  from  a  village  by  WVI.  The  interpretations  were 
petfonned  using  acetate  overlays  and  the  identified  photo  linears  were  classified  into  three  categories  acooiding  to 
their  prominence,  l^wn  completion  of  the  independent  analyses,  the  mapping  results  were  compared,  “false”  firactnie 
traces  were  *iiiniin«t*d,  and  l^tuies  checked  for  redundancy. 

4.3  DATABASE  DEVELOPMENT 

The  OIS  Hawhaw.  continuea  to  be  developed  using  Arc/INPO  sofovare.  To  date,  base  map.  well  location,  to¬ 
pographic,  field  observation,  and  satellite  tetnote  sensing  data  have  been  fully  automated  and  imegrated  into  dm  <HS 
(Figure  2).  (HS  display  and  georeiatianal  capabilities  allow  for  efficient  analysis  of  both  raster  and  vector  data  types. 
All  integrated  data  will  be  managed  within  a  coherent  spatial  reference  firame  for  development  of  strategies  to  idoatify 
data  types  and  analysis  techniques  moat  useful  for  siting  well  locations. 

4.3.1  Base  Mans 

The  pngea  atndy  areas  were  subdivided  for  reference  imo  a  aeries  of  IS-minnte  quadrangles.  Gxner  ties  of 
these  quadrangles  serve  as  registration  control  points  for  all  base  miq>  automation.  The  OIS  uses  a  Uni^  ersal  TVana- 
vetse  Mercator  (UTM)  coordinate  system  and  is  based  on  the  1:50,000  scale  topographic  map  series  produced  by  the 
Ghana  Survey  Department. 

The  1:50,(XX)  map  aeries  provides  essential  base  map  data,  including  surface  hydrography,  transportation  fea¬ 
tures.  and  village  locations.  Sutfiice  hydrographic  features  are  valuable  for  understanding  gtoimdwater  flow,  while 
village  locations  and  transportation  features  are  importartt  firom  a  well-siting  perspective.  The  source  rtups  were  avail¬ 
able  on  paper  media  only,  thus  map  registtation  enxxa  were  corrected  to  accoum  for  map  shrinkage.  Data  layeta  in 
the  OIS  were  appropriately  coded  widi  as  many  descriptive  attributes  as  could  be  derived  fnm  the  base  maps.  Dntinage 
features  were  ctided  as  poermtai  or  ephemeral;  traospottatioo  features  were  coded  u>  reflect  level  of  use  and  seasonal 
reliaUlity;  and  conummities  were  00^  to  capture  variations  in  ^relling. 

4.3.2  WrilLowtioiB 

Understarxling  the  spatial  distribotion  of  existing  wells  is  clearly  an  importaru  first  step  in  developing  a  well¬ 
siting  snategy;  a  preliminary  screening  of  productive  versus  ’dry’  wells  can  provide  a  valuable  initial  assessment  of 
grouridwater  conditions.  Ptirtlieimoie,  accurate  locational  (and  elevation)  data  for  these  wells  are  critical  for  maxhnix- 
ing  use  of  borehole  information  collected  during  drilling.  Prior  to  the  OPS  survey,  a  preliminary  well  location  data 
layer  was  developed,  using  the  qwtiai  tools  of  the  OIS  to  place  the  wells  within  the  village  to  which  they  were  refer¬ 
enced.  The  preiirninaty  well  location  dau  layer  gave  project  hydrologtsts  a  provisional  set  of  data  firom  whidi  to  devel¬ 
op  early  wotidng  hypotheses.  Upon  completion  of  the  OPS  survey,  all  borehole  positions  in  the  OIS  were  updated  to 
r^ea  their  new  positions. 

4.3J^Loga 

Hydrogeologic  data  in  the  form  of  drafted  borehole  logs  are  generated  as  part  of  WVI’s  ongoing  water  well 
drilling  program.  Braehole  logs  include  hydrogeologic  arxi  lithologic  descriptions  of  rock  units  encountered  during 
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Figure  2.  CIS  Integration  of  Various  Data  Types. 
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drilling,  well  cansmictiao  informaliaa  deacribing  citing  and  screen  intervals,  and  development  history  of  the  well. 
In  addition,  the  logs  contained  water  chemiatiy  and  well  yield  infonnsdon.  vital  to  the  charscteriudon  of  groundwater 
flow  in  the  snidy  areas.  Data  entry  templates  were  created  for  efficient  entry  of  large  quanddes  of  well  log  infonnation. 
In  all.  14  Mparate  well  log  dau  ffiea  were  created,  each  containing  from  eight  to  40  descripdve  attributes.  To  expedile 
ctda  process  for  future  borehoiies.  WVI  has  been  provided  with  logging  software,  so  that  subsequent  well  logs  can  be 
created  and  transfened  digitally.  In  the  QIS.  all  well  log  fika  are  linked  reladonally  to  the  well  locadon  attribute  table, 
so  that  any  combinadon  of  well  oonatrucdon.  lithologic,  geochemical,  or  hydr^eologic  characterisdca.  from  any 
number  of  wells,  can  be  viewed  in  spadal  context  with  one  another. 

4.3.4  Topography 

Topographic  data  are  a  vital  in  detennining  water  table  elevadons  and.  subsequently,  developing  potenlio- 
metric  maps.  As  no  digital  topographic  data  of  sufficient  resoludon  were  available,  paper  copies  obtained  in  CHiana 
were  scanned  to  produce  a  Digital  Bevadon  Model  (DEM)  and  contour  plot  files.  Th^  data  will  allow  three-dimen* 
sional  viewing,  watetahed  calculadona,  and  tectonic  inteipretadon,  and  pennit  refinement  of  well  elevadons  and  po- 
tendometric  maps. 

A  3  S  Remnra  Sfawing  nmtt  \ntf  fntim 

The  lineamenta  and  fracture  traoes  identified  in  the  digital  analysis  of  landsat  TM  data  were  automated  and 
incorporated  into  the  QIS.  Hie  Landsat-derived  Imeaments  and  fraemre  traces  were  imponed  as  vectoca  from  ER 
Mapper.  Aa  a  data  layer  in  the  OIS.  these  features  sveredaasified  based  on  length  and  orientadon  and  aaaeaaed  fig  their 
proximity  to  existing  wells.  The  fracture  traces  derived  from  stereoscopic  analysis  of  1 :40.000  scale  black-and-adute 
aerial  photography  will  be  digitized  after  being  transferred  to  rectified  1:40,0()0  scale  photomosaics.  Once  integnied 
into  the  GIS.  spatial  analyses  will  be  conducted,  assessing  fracture  trace  properdes  reladve  to  existing  wells  and  their 
hydrogeologic  chsracterisdcs. 


5.0  RESULTS  AND  DISCUSSION 


5.1  DATA  COLLECTION 

Inidal  litenture  searches  and  an  eariy  reconnaissance  trip  to  Ghana  provided  the  means  to  collect  most  exist¬ 
ing  data  over  the  study  area.  Project  emphasis  on  fracture  trace  a^ysis,  coupled  with  previous  studies  having  shown 
the  reladvely  natrow  nature  of  fracture  zones  (Parizek  et  al..  1990),  required  the  coUecdon  of  more  accurate  weU  posi- 
doos.  The  resulting  OPS  field  effort  surveyed  over  200  boreholes  in  S2  different  communides.  Numerous  other  field 
observadoos  were  simultaneously  collected  in  addidon  to  water  samples  from  50  sites.  Gross  chemistry  and  isotopic 
analysis  is  underway,  while  all  odier  dau  have  been  entered  into  the  GIS. 

5.2  REMOTE  SENSING  DATA 

Image  analysia  results  of  the  Landsat  dau  indicated  that  the  most  useful  band  combinadon  fbrdiscriminstitig 
lineaments  in  the  Tease  area  was  the  PC  oonqxMite  from  TM  bands  543.  While  the  453  and  473  colOT  composiles  pro- 
vided  some  utility,  the  PC  conqtosite  better  discriminated  soil  brightness  and  vegetadoo  differences,  with  reduced 
nmse  levels.  The  directionally  filtered  images  cnntsiiieH  too  many  image  attifecs  to  be  of  use  in  this  smdy.  Thia  was 
due  in  pan  to  the  handing  effecu  in  the  i  jnd—t  imagery  as  well  as  the  relatively  flat  terrain  and  uniform  land  cover 
of  the  study  area.  Moat  of  the  lineamenta  are  related  to  structurally  cooiroUed  drainages  in  valley  bottoms.  Analysis 
of  the  predominant  Imeament  orienudoa  indicated  a  maxima  between  270-275”.  with  a  less  dominant  orimtition 
found  between  330-335”  (Hgnre  3).  A  total  of 900  lineamenu  were  identified  in  the  Tease  area.  The  lineament  lengths 
varied  between  84  and  5938  m  with  a  mean  length  of  1377  m.  The  orientations  are  consistent  with  regional  strnctnral 
processes  and  fractures  observed  in  the  field.  The  dry  sesson  acquiaitioa  dates  of  the  Landsat  imagery  permitted  the 
effective  use  of  riparian  and  Up  root  vegetttion  species  as  indicatats  of  fracture  systems.  In  some  cases,  riparian  spe¬ 
cies  in  drainage  basins  helped  accentuate  lineamoits. 

The  most  useful  landsat  band  combinations  for  lineament  inteipreutions  in  the  Nkawkaw  area  were  die  PC 
composite  from  TM  bands  543  and  PCI  from  bands  743  in  greyscale.  Tbe  interpreudon  resulted  in  1037  lineaments 


I-I75 


HgDre4. 


identified  in  ifae  Nkewkiw  aiet.  widi  the  mejocity  of  lineemcntt  found  in  «  lO-km-wide  section  along  the  oonhweat- 
southeeat-tnndinf  eacarpmem.  Tbe  lineammt  lengths  varied  from  around  100  m  to  10  km  with  an  avenge  arouad 
1200  m.  The  predominant  lineament  orienoitions  indicate  maximas  at  325",  3  IS”  and  SOS”,  with  less  dominant  orieiua- 
dona  found  between  290-300*  (Figure  4). 

Although  photograph  contrast  is  poor  (due  primarily  to  atmospheric  haze),  preliminary  results  of  air  i^ioto 
interpietatioiii  indirate  that,  the  larger  scale  and  stereoscopic  allow  the  discriminatioo  of  fiactuie  traces 

not  diaoemible  on  the  satellite  imagery.  Subtle  fracture  tneea  linked  to  changes  in  tree  heights  and  soil  tonal  aliga- 
ments  wen  identified,  In  several  cases,  fractun  trace  intetaectiaoa  were  found  near  villages,  providing  new  potential 
targets  for  futura  drilling  programs.  Once  integrated  into  the  OIS  model,  spatial  analysis  operatioos  can  be 
to  determine  telatiooahips  between  photo-derived  fractun  traces  and  other  features  in  the  daubase. 

S3  GIS  MODELINO  RESULTS 

While  OIS  modeling  efforts  an  only  pnlhninary,  initial  proximity  analysis  of  fractun  traces  and  iiiv»am«>nt» 
derived  from  lendsat  TM  inugery  and  bonMe  locations  indicates  promising  results.  Almost  95  percent  of  all  wells 
surveyed  in  the  Tease  ana  an  located  widiin2kmafidentifiedfractan  traces  and  lineaments.  This  suggests  the  avail¬ 
ability  of  potential  targets  within  the  present  project  drilling  constraints.  Of  greater  significance.  1(X)  percent  of  all 
anils  within  100  m  of  identified  fractun  traces  a^  lineaments  an  wet.  with  a  decrease  in  wet  anil  percentage  as  the 
distance  from  a  fractun  inoeaaes  (Hgun  5).  Purthennon,  leas  than  seven  petcem  of  wells  arithin  250  m  sven  dry. 
These  initial  leaolts  indicaie  that  30-m  Ijndaat  TM  data  may  be  an  efiSective  tool  for  siting  anils.  These  finrtingp  also 
support  pieviona  observationa  (Bamennan,  1988)  that  fractm  zones  m  the  area  act  as  primary  pathways  for  storage 
andinoveineatofgroutida*'  v.  Further  analysia  of  fractun  orientation  and  length,  proximity  to  well  location,  fracture/ 
anil  yield  nlationahips,  ano  lithology  anil  be  conducted  in  hopes  of  determining  other  factors  critical  for  improving 
drilling  success  rates  and  anil  yield. 


Cumulative  Number  of  Wells 


Distance  in  Meters 

Hgtire  5.  Distribution  of  Wet  and  Dry  Wells  vs.  Distance  from  Nearest  Lineament  or  Fracture  Trace. 
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6.0  SUMMARY  AND  CONCLUSIONS 


Preliminary  results  indicate  that  satellite  imagery,  when  integrated  with  other  bydrogeologic  data,  may  be 
a  valuable  tool  in  OlS-based  determinatiao  of  potential  well  targets.  The  synoptic  view  provided  by  satellite  imagery 
allowed  a  better  uixlerstaiKiing  of  the  regional  hydrogeologic  settings  in  this  project.  Ihe  full  potential  of  remotely 
sensed  data,  however,  has  not  been  realized  due  to  the  limited  availability  of  otto  types  of  imagery  over  the  smdy 
areas.  The  lack  of  SPOT  data  and  Russian  satellite-based  imagery,  as  well  as  the  abseiice  of  radar  coverage,  has  inhilv 
ited  the  applkatioa  of  additional  remote  sensing  techniques  for  the  evaluation  of  hydrogeologic  features  in  the  soidy 
area.  Efforts  to  acquire  image  data,  specifically  SPOT  panchromatic  scenes,  shall  condime  through  the  end  of  the  1994 
dry  season  in  hopes  of  improving  the  bydrogeologic  QIS  model.  The  stereoscopic,  high  resolution  aerial  photographs, 
though  poor  in  quality,  allowed  the  identification  ofsubtlefiractnre  traces  not  discemaMe  on  the  Landsat  data.  If  similar 
relationships  are  found  between  photo-derived  linears  and  borehole  success,  it  may  provide  new  drilling  targets  closer 
to  the  communities  in  need. 

QIS  database  development  and  data  integration  in  a  developing  nation  present  a  variety  of  imique  challenges. 
Uncertainty  regarding  the  availability  and  foimat  of  numerous  data  resulted  in  many  delays  in  database  development 
activities.  Remote  site  data  collection  efforts  require  thorough  logistical  considerations,  contingency  plans,  and  spare 
equipment,  especially  in  areas  environmentally  hostile  to  modem  dau  collection  instruments.  It  is  critical  that  the  GIS 
operator  be  completely  aware  of  the  geo-referencing  systems,  datums,  and  elevation  surfaces  associated  with  the  vari¬ 
ous  data  types  collected,  so  as  not  to  mix  ineompatibie  coordinates. 

Altiian^  the  results  of  titis  paper  and  die  jueiject  are  preliminary,  several  significant  relatiooahqM  between 
features  derived  from  the  Landsat  TM  data  and  hydrogedogic  characteristics  of  the  Tease  area  were  observed.  Addi¬ 
tional  proximity  analysis,  integration  and  analysis  of  fiacture  traces  derived  from  the  aerial  photography,  and  conela- 
tion  of  well  yields  to  lineamem  length,  orientation  and  geology,  will  be  conducted  as  the  projea  progresses,  the  ulti¬ 
mate  goal  being  tiie  selection  of  well  sites  with  the  higliest  probability  of  success  in  different  geologic  settings. 
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